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Impact of slepton generation mixing on the search for
sneutrinos
Lepton flavour violation in sneutrino production and decays in the general MSSM
K. Hidaka
Department of Physics, Tokyo Gakugei University, Koganei, Tokyo 184–8501, Japan
Abstract. We perform a systematic study of sneutrino production and decays in the Minimal
Supersymmetric Standard Model (MSSM) with slepton generation mixing. We study bosonic decays
like ν˜ → ℓ˜−+ W+/H+ as well as fermionic ones. We show that the effect of slepton generation
mixing on the sneutrino production and decays can be quite large in a significant part of the MSSM
parameter space despite the very strong experimental limits on lepton flavour violating processes.
This could have an important impact on the search for sneutrinos and the determination of the
MSSM parameters at future colliders, such as LHC, ILC, CLIC and muon collider.
PACS. 12.15.Ji Applications of electroweak models to specific processes
1 Introduction
Systematic studies of decays of sneutrinos, the super-
symmetric (SUSY) partners of neutrinos, in the Min-
imal Supersymmetric Standard Model (MSSM) have
been performed already [1]. In these studies it is as-
sumed that there is no generation mixing in the slepton
sector. In this article based on [2] we study the effect
of slepton generation mixing on the production and
decays of the sneutrinos in the MSSM. Lepton flavour
violating (LFV) productions and decays of SUSY par-
ticles have been studied for the case of slepton gener-
ation mixing [3]. Some of the studies are rather model
dependent. Furthermore, so far no systematic study of
LFV in sneutrino decays including bosonic decays has
been performed. The aim of this article is to perform
a systematic study of sneutrino production and de-
cays including the bosonic decay modes in the general
MSSM with LFV in slepton sector.
2 The model
First we summarize the MSSM parameters in our anal-
ysis. The most general charged slepton mass matrix
including left-right mixing as well as flavour mixing in
the basis of ℓ˜0α = (e˜L, µ˜L, τ˜L, e˜R, µ˜R, τ˜R), α = 1, ..., 6,
is given by [2]:
M2
ℓ˜
=
(
M2LL M
2†
RL
M2RL M
2
RR
)
,
with
M2LL,αβ = M
2
L,αβ +m
2
Z cos(2β)(−
1
2
+ sin2 θW )δαβ
+ m2ℓαδαβ ,
M2RR,αβ = M
2
E,αβ −m2Z cos(2β) sin2 θW δαβ +m2ℓαδαβ ,
M2RL,αβ = v1Aβα −mℓαµ∗ tanβδαβ .
The indices α, β = 1, 2, 3 characterize the flavours
e, µ, τ , respectively. M2L and M
2
E are the hermitean
soft SUSY breaking mass matrices for left and right
sleptons, respectively. Aαβ are the trilinear soft SUSY
breaking couplings of the sleptons and the Higgs bo-
son: Lint = −Aαβ ℓ˜†βRℓ˜αLH01 + Aαβ ℓ˜†βRν˜αLH−1 + · · ·.
µ is the higgsino mass parameter. v1 and v2 are the
vacuum expectation values of the Higgs fields with
v1 = 〈H01 〉, v2 = 〈H02 〉, and tanβ ≡ v2/v1. We work
in a basis where the Yukawa coupling matrix YE,αβ
of the charged leptons is real and flavour diagonal
with YE,αα = mℓα/v1 =
g√
2
mℓα
mW cos β
(ℓα = e, µ, τ),
with mℓα being the physical lepton masses and g the
SU(2) gauge coupling. The physical mass eigenstates
ℓ˜i, i = 1, ..., 6, are given by ℓ˜i = R
ℓ˜
iαℓ˜0α. The mix-
ing matrix Rℓ˜ and the physical mass eigenvalues are
obtained by an unitary transformation Rℓ˜M2
ℓ˜
Rℓ˜† =
diag(m2
ℓ˜1
, . . . ,m2
ℓ˜6
), where mℓ˜i < mℓ˜j for i < j. Simi-
larly, the mass matrix for the sneutrinos, in the basis
ν˜0α = (ν˜eL, ν˜µL, ν˜τL) ≡ (ν˜e, ν˜µ, ν˜τ ), reads
M2ν˜,αβ = M
2
L,αβ +
1
2
m2Z cos(2β)δαβ (α, β = 1, 2, 3) ,
where the physical mass eigenstates are given by ν˜i =
Rν˜iαν˜0α, i = 1, 2, 3, (mν˜1 < mν˜2 < mν˜3).
The properties of the charginos χ˜±i (i = 1, 2, mχ˜±
1
<
mχ˜±
2
) and neutralinos χ˜0k (k = 1, ..., 4, mχ˜01 < ... <
mχ˜0
4
) are determined by the parameters M2, M1, µ
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and tanβ, where M2 and M1 are the SU(2) and U(1)
gaugino masses, respectively. Assuming gaugino mass
unification we take M1 = (5/3) tan
2 θWM2.
The possible fermionic and bosonic two-body decay
modes of sneutrinos are
ν˜i −→ νχ˜0j , ℓ−α χ˜+k ,
ν˜i −→ ℓ˜−j W+, ℓ˜−j H+ .
3 Constraints
In our analysis, we impose the following conditions on
the MSSM parameter space in order to respect experi-
mental and theoretical constraints which are described
in detail in [2]:
(i) The vacuum stability conditions [4], such as
|Aαβ |2 < Y 2E,γγ(M2L,αα + M2E,ββ + m21), (α 6= β;
γ =Max(α, β); α, β = 1, 2, 3 = e, µ, τ).
(ii) Experimental limits on the LFV lepton decays:
B(µ− → e−γ) < 1.2×10−11 (90% CL) [5], B(τ− →
µ−γ) < 4.5× 10−8 (90% CL) [6], B(τ− → e−γ) <
1.1×10−7 (90% CL) [7], B(µ− → e−e+e−) < 1.0×
10−12 (90% CL) [8], B(τ− → µ−µ+µ−) < 3.2 ×
10−8 (90% CL) [9], B(τ− → e−e+e−) < 3.6×10−8
(90% CL) [9].
(iii) Experimental limits on SUSY contributions to
anomalous magnetic moments of leptons [10,11] 1,
e.g. |∆aSUSYµ − 287 × 10−11| < 178 × 10−11 (95%
CL).
(iv) The LEP limits on SUSY particle masses.
(v) The limit onmH+ and tanβ from the experimental
data on B(B−u → τ−ν¯τ ) [12].
It has been shown that in general the limit on the
µ− − e− conversion rate is respected if the limit on
µ→ e γ is fulfilled [13].
Condition (i) strongly constrains the trilinear couplings
Aαβ , especially for small tanβ where the lepton Yukawa
couplings YE,αα are small. (ii) strongly constrains the
lepton flavour mixing parameters; e.g. in case of µ˜− τ˜
mixing the limit on B(τ− → µ−γ) strongly constrains
the µ˜ − τ˜ mixing parameters M2L,23,M2E,23, A23 and
A32. The limit on ∆a
SUSY
µ in (iii) is also important,
e.g. it disfavours negative µ especially for large tanβ.
4 Numerical results
We take tanβ,mH+ ,M2, µ,M
2
L,αβ,M
2
E,αβ, and Aαβ as
the basic MSSM parameters at the weak scale. We as-
sume them to be real. The LFV parameters areM2L,αβ,
M2E,αβ, and Aαβ with α 6= β. We take the following
µ˜− τ˜ mixing scenario as a reference scenario with LFV
within reach of LHC and ILC:
1 For the limit on SUSY contributions to anomalous
magnetic moment of muon ∆aSUSYµ , we allow for an er-
ror at 95% CL for the difference between the experimental
measurement and the SM prediction [11].
tanβ = 20, mH+ = 150GeV , M2 = 650GeV , µ =
150GeV , M2L,11 = (430GeV )
2, M2L,22 = (410GeV )
2,
M2L,33 = (400GeV )
2, M2L,12 = M
2
L,13 = (1GeV )
2,
M2L,23 = (61.2GeV )
2, M2E,11 = (230GeV )
2, M2E,22 =
(210GeV )2, M2E,33 = (200GeV )
2, M2E,12 = M
2
E,13 =
(1GeV )2, M2E,23 = (22.4GeV )
2, A23 = 25GeV,A33 =
150GeV , and all the other Aαβ = 0.
In this scenario satisfying all the conditions (i)-(v)
above we have:
mν˜1 = 393GeV,mν˜2 = 407GeV,mν˜3 = 425GeV,
ν˜1 = −0.36ν˜µ + 0.93ν˜τ ∼ ν˜τ ,
ν˜2 = 0.93ν˜µ + 0.36ν˜τ ∼ ν˜µ,
ν˜3 ≃ ν˜e,
mℓ˜1 = 204GeV,mℓ˜2 = 215GeV,mℓ˜3 = 234GeV,
ℓ˜1 = −0.0029µ˜L + 0.033τ˜L − 0.12µ˜R + 0.99τ˜R ∼ τ˜R,
ℓ˜2 = 0.0022µ˜L + 0.0040τ˜L + 0.99µ˜R + 0.12τ˜R ∼ µ˜R,
ℓ˜3 ≃ e˜R,
B(ν˜1 → µ− + χ˜+1 ) = 0.014, B(ν˜1 → τ− + χ˜+1 ) = 0.36,
B(ν˜1 → ℓ˜−1 +H+) = 0.48,
B(ν˜2 → µ− + χ˜+1 ) = 0.20, B(ν˜2 → τ− + χ˜+1 ) = 0.12,
B(ν˜2 → ℓ˜−1 +H+) = 0.38.
As ν˜2 ∼ ν˜µ and ℓ˜−1 ∼ τ˜−R , the decays ν˜2 → τ−χ˜+1 and
ν˜2 → ℓ˜−1 H+ are essentially LFV decays. Note that the
branching ratios of these LFV decays are sizable in this
scenario. The reason is as follows: The lighter neutrali-
nos χ˜01,2 and the lighter chargino χ˜
±
1 are dominantly
higgsinos as M1,2 ≫ |µ| in this scenario. Hence the
fermionic decays into χ˜01,2 and χ˜
+
1 are suppressed by
the small lepton Yukawa couplings except for the de-
cay into τ−χ˜+1 which does not receive such a suppres-
sion because of the sizable τ Yukawa coupling YE,33
for large tanβ. This leads to an enhancement of the
bosonic decays into the Higgs boson H+. Moreover
the decay ν˜2(∼ ν˜µ)→ ℓ˜−1 (∼ τ˜−R ) +H+ is enhanced by
the sizable trilinear ν˜µ − τ˜+R −H−1 coupling A23 (with
H−1 = H
− sinβ). Because of the sizable ν˜µ − ν˜τ mix-
ing term M2L,23 the ν˜2 has a significant ν˜τ component,
which results in a further enhancement of this decay
due to the large trilinear ν˜τ − τ˜+R −H−1 coupling A33
(= 150 GeV).
The decays of ν˜1 and ν˜2 into ℓ˜
−
1,2W
+ are suppressed
since ℓ˜−1 ∼ τ˜−R and ℓ˜−2 ∼ µ˜−R.
4.1 ν˜ decay branching ratios
We study the basic MSSM parameter dependences of
the LFV sneutrino decay branching ratios for the ref-
erence scenario specified above. In Fig.1 we show con-
tours of the LFV ν˜2 decay branching ratios in the µ−
M2 plane. All basic parameters other than µ and M2
are fixed as in the reference scenario specified above.
We see that the LFV decay branching ratios B(ν˜2 →
τ−χ˜+1 ) and B(ν˜2 → ℓ˜−1 H+) can be sizable in a signif-
icant part of the µ −M2 plane. The main reason for
the increase of B(ν˜2 → ℓ˜−1 H+) in the region M2 ≫ µ
is that the partial widths for the decays into µ−χ˜+1
and νχ˜01,2 decrease for increasing |M2/µ| as the lighter
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Fig. 1. Contours of (a) B(ν˜2 → τ
−χ˜+1 ) and (b) B(ν˜2 →
ℓ˜−1 H
+) in the µ−M2 plane for our µ˜− τ˜ mixing scenario.
The region with no solid contour-lines is excluded by the
conditions (i) to (v) given in the text; negative µ region
is excluded by the limit on ∆aSUSYµ in (iii). The dashed
and dash-dotted lines in (a) show contours of B(τ− →
µ−γ) and ∆aSUSYµ , respectively. Note that (iii) requires
1.09× 10−9 < ∆aSUSYµ < 4.65 × 10
−9.
chargino/neutralino states become more and more hig-
gsino like. The τ−χ˜+1 decay mode has a different be-
haviour due to the sizable τ Yukawa coupling for large
tanβ. We remark that the limit on ∆aSUSYµ excludes
the region with B(ν˜2 → ℓ˜−1 H+) >∼ 0.5.
In the following we use the quantities RL23 ≡M2L,23/
((M2L,11+M
2
L,22+M
2
L,33)/3) and RA23 ≡ A23/((|A11|+
|A22| + |A33|)/3) as a measure of LFV. In Fig.2 we
present the RL23 dependence of ν˜2 decay branching
ratios, where all basic parameters other than M2L,23
are fixed as in the reference scenario specified above.
We see that the LFV decay branching ratios B(ν˜2 →
τ−χ˜+1 ) and B(ν˜2 → ℓ˜−1 H+) can be large and very sen-
sitive to RL23. Note that ℓ˜
−
1 ∼ τ˜−R and that the ν˜τ
component in ν˜2(∼ ν˜µ) increases with the increase of
the ν˜µ − ν˜τ mixing parameter M2L,23, which explains
the behaviour of the branching ratios. Similarly we
have found that B(ν˜2 → ℓ˜−1 H+) can be very sensitive
to RA23; this decay can be enhanced also by a sizable
A23 as explained above. To exemplify this behaviour
further, in Fig.3 we show the contours of these decay
branching ratios in the RL23 − RA23 plane, where all
basic parameters other than M2L,23 and A23 are fixed
as in the reference scenario specified above. As can be
seen, these LFV decay branching ratios can be large
in a sizable region of the RL23−RA23 plane and their
dependences on RL23 and RA23 are quite remarkable
and very different from each other. Hence, a simultane-
ous measurement of these two branching ratios could
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Fig. 2. RL23 dependence of ν˜2 decay branching ratios for
our µ˜− τ˜ mixing scenario. The shown range of RL23 is the
whole range allowed by the conditions (i) to (v) given in
the text.
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Fig. 3. Contours of the LFV decay branching ratios (a)
B(ν˜2 → τ
−χ˜+1 ) and (b) B(ν˜2 → ℓ˜
−
1 H
+) in the RL23−RA23
plane for our µ˜−τ˜ mixing scenario. The region with no solid
contours is excluded by the conditions (i) to (v) given in
the text. The dashed lines in (a) show contours of B(τ− →
µ−γ).
play an important role in determination of the LFV
parameters M2L,23 and A23.
In Fig.4 we show a scatter plot of the LFV decay
branching ratios B(ν˜2 → ℓ˜−1 H+) versus B(τ− → µ−γ)
for our µ˜ − τ˜ mixing scenario with the parameters
M2, µ, RL23, RE23, RA23 and RA32 varied in the ranges
0 < M2 < 1000 GeV, |µ| < 1000 GeV, |RL23| <
0.1, |RE23| < 0.2, |RA23| < 2.5 and |RA32| < 2.5, satis-
fying the conditions (i) to (v) given above. All param-
eters other than M2, µ,M
2
L,23,M
2
E,23, A23 and A32 are
fixed as in the reference scenario specified above. As
can be seen in Fig.4, the LFV branching ratio B(ν˜2 →
ℓ˜−1 H
+) could go up to 30% even if the present bound
on B(τ− → µ−γ) improves by one order of magnitude.
For the other LFV decay branching ratios of ν˜1,2 ver-
sus B(τ− → µ−γ) we have obtained scatter plots sim-
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Fig. 4. Scatter plot of the LFV decay branching ratios
B(ν˜2 → ℓ˜
−
1 H
+) versus B(τ− → µ−γ) for our µ˜− τ˜ mixing
scenario.
ilar to that for B(ν˜2 → ℓ˜−1 H+) versus B(τ− → µ−γ),
with the upper limits of the ν˜1,2 decay branching ra-
tios B(ν˜1 → µ−χ˜+1 ) <∼ 0.12, B(ν˜1 → ℓ˜−2 H+) <∼ 0.40,
B(ν˜1 → ℓ˜−2 W+) <∼ 0.05, B(ν˜2 → τ−χ˜+1 ) <∼ 0.35, and
B(ν˜2 → ℓ˜−1 W+) <∼ 0.22. Note that B(ν˜1 → ℓ˜−2 H+)
can be very large due to sizable M2E,23, A32 and large
A33.
We have also studied sneutrino decay branching ra-
tios in the case of e˜− τ˜ mixing, where we have obtained
similar results to those in the case of µ˜−τ˜ mixing. This
is due to the fact that YE,11 ∼ YE,22 (∼ 0), that the ex-
perimental limits on B(τ− → e−γ) and B(τ− → µ−γ)
are comparable, and that the theoretical limits of the
condition (i) on the LFV parameters A13 and A31 are
also similar to those on A23 and A32.
4.2 LFV contributions to collider signatures
It is to be noted that in e˜ − τ˜ mixing scenario the t-
channel chargino exchanges contribute significantly to
the cross sections σ(e+e− → ν˜i ¯˜νj) ≡ σij for i, j =1,3,
enhancing the cross sections (including the LFV pro-
duction cross section σ13) strongly, where ν˜1 ∼ ν˜τ
and ν˜3 ∼ ν˜e [2]. We have studied the LFV contri-
butions to signatures of sneutrino production and de-
cay at the ILC [2]. We have shown that the LFV
processes (including the LFV ν˜i productions and the
LFV bosonic ν˜i decays also) can contribute signifi-
cantly to signal event rates. For example, in the e˜− τ˜
mixing scenario described in [2], assuming ILC with√
s = 1 TeV and a longidutinal polarization of -90%
and 60% for the electron and positron beam, respec-
tively, the dominant LFV contributions (steming from
e+e− → ν˜i ¯˜νj → e±τ∓χ˜+1 χ˜−1 ) to the rate of the signal
event e±τ∓+4jets+/E is calculated to be σLFV = 6.6fb,
where /E is the missing energy. Lepton flavour conserv-
ing (LFC) processes in ν˜ production and decay can
also contribute to the rate of the signal event above.
The dominant LFC contributions to the signal rate
is calculated to be σLFC = 0.033fb which is two or-
ders of magnitude smaller than σLFV . This strongly
suggests that one should take into account the possi-
bility of the significant contributions of both the LFV
fermionic and bosonic decays in the sneutrino search
and should also include the LFV parameters in the
determination of the basic SUSY parameters at collid-
ers. It is clear that detailed Monte Carlo studies taking
into account background and detector simulations are
necessary. However, this is beyond the scope of the
present article.
5 Summary
We have performed a systematic study of sneutrino
production and decays including both fermionic and
bosonic decays in the general MSSM with slepton gen-
eration mixings. We have shown that LFV sneutrino
production cross sections and LFV sneutrino decay
branching ratios can be quite large due to slepton
generation mixing in a significant part of the MSSM
parameter space despite the very strong experimental
limits on LFV processes. This could have an important
impact on the search for sneutrinos and the MSSM
parameter determination at future colliders, such as
LHC, ILC, CLIC and muon collider.
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